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(54) Lubricating oil additive 
comprising a molybdenum complex 
and an aromatic amine compound 

(57) An additive for a lubricating oil 
having antioxidant and other useful 
properties is composed of (a) an oil 
soluble sulfur contatmng molybdenum 
complex prepared by reacting an 
acidic molybdenum compound with a 
basic nitrogen-containing substance, 
and then with a sulfur source, and (b) 
0.02 to 1 0 parts by wt per part by wt 
of (a) of an oil soluble aromatic amine 
compound. The complex (a) is 



prepared by (1 ) reacting an acidic 
molybdenum compound and a basic 
nitrogen-containing substance which 
is a succinimide, carboxylic acid 
amide. Mannlch base, 
phosphonamtde. thiophosphonamide, 
phosphoramide and/or dispersant 
viscosity index improver, to form a 
molybdenum complex wherein from 
0.01 to 2 atoms of molybdenum are 
present per basic nitrogen atom, and 
(2) reacting said complex with a sulfur 
source in an amount sufficient to . 
provide from 0.1 to 4- atoms of sulfur 
par atom of molybdenum. 
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SPECIFICATION 

Lubricating oil additive comprising a rnolybdanum complex and an aromatic amine compound 

,h»,»7 hiS ir \ vemion rclates 10 new 'jkriCating oil additives and lubricating oil compositions Dreoar-d 
thefe rom. More specifically, it ralates tp new lubricating oil cornposh^l ^nxzinL ^nZ^m 
5 ^™ ^blnwlon of a sulfur containing molybdenum compound and an aromaS amS compound 

CQmn ^ bde u m d,SU ' f,de has lono b ^ **** 35 3 desira <"e ^dhive for use in lubricatTna ^1 
compos mons However, one of its major detriments Is its lack of oil solubility. Molybdenum Sulfide is 
ord.nar ly finely ground and then dispersed.* the lubricating oil composition to impan Son rZd^L 
, 0 SS^JS^Xl^'^** 9f0U ^f^! nW disU,fida is « •« ^"ive oration inhibit* 

•„.~.. ^ a " a,,8mativa t0 finelv 9r>r»£Jing the molybdenum disulfide, a number of different approaches 
mvolvtng preparing salts of molybdenum compounds have been tried a,ne ™i approaehe. 

In our British Patent Application No. 8020782 (publication No. 2053267A) there is a teachinn i 

1 5 iSS,? °" S ° ,Ub,e SUl !^' C ° nt8inin9 mo, V bder """ complexes Prepared by reactl^acWic 
1 5 molybdenum compound, a basic nitrogen-containing substance and a sulfur source in the presence or 1 5 
absence of a polar promoter, respectively, to form molybdenum and sulfur containing complexes which 

I rlZ™* ^ rein 9 it SeM P inhib!t,n9 0xida,,0n ' im P artin 9 antiwear "d extremVprSre 

h ,hS! mod,f Y in 8 tne friction P^Perties of a lubricating oil. It has now been discovered that 

2d in™?'"! 9 °' 3 3 I e m0fe effectivel V «aW««d a 9*ir,s, oxidation when said complexes are used in 

20 combination with an aromatic amine compound. 

Thus in accordance with the present invention there is provided a lubricating oil additive which 
effectively stab.li.es a lubricating oil against oxidation, comprising in association I) a lumTwSSna 
molybdenum complex prepared by reacting an acidic molybdenum compound, a basic ntooo™ ° 

25 ™ T 9 SUbstance 8nd 3 su'fursource. preferably in the presence of a polar promoter, and (b| an 

«£a aromatic amine compound. 

More specifically, this invention is directed to a lubricating oil additive comprising an admixture of 5 
<a) an oil soluble sulfur containing molybdenum complex prepared by ( 1 ) reacting an acidic 
iriJI rtT m . COm . p °" nd anda basic nitrogen-containing substance which is a succinimide. carboxylic 
™ S rt - nn,Cb base ' P^C'S'r.onamide. thiophosphonamlde. phosphoramide, or dbperaant 

from 0 0 1'tnl ZTnJ' ° r ? ^' XtUre °' ,W ° ° r m ° ra * ereof «° fom a molybdenum complex wherein 30 
from 0.01 to 2 atoms of molybdenum are present per basic nitrogen atom, and (2) reacting said 

of molybSm S and r " am ° Unt t0 prov, ' de f rom °' 1 to 4 atoms of sulfur P er atom. 

•»<; ihi k - b ' 911 0i ' SO ' Uble aromatic amine compound or a mixture thereof, the aromatic amine compound . 
JS>. lb) being present in an amount of from 0.02 to 1 0 parts by weight per pan by weight of the sulfur 35 

containing molybdenum complex of component (a). 

Lubri «ting oil compositions containing the additive combination prepared as disclosed herein are 

!HT? -fw e • I'! • and ° rease compositions (depending upon the specific additive or additives 

em Pioyed> for inhibiting oxidation, imparting antiwear and extreme pressure properties and/or 
40 modifying the friction properties of the oil which may. when used as a crankcase lubricant, lead to 40 

improved mileage. 

The precise molecular formula of the molybdenum compositions of component (a) of the ' 

combination is not known with certainty; however, they are believed to be compounds in which 

a* m ' whoSe . valences 9™ satisfied with atoms of oxygen or sulfur, is either complexed by or the 

!rl ° ne ° f mor f mtT0 ^ en atoms of tna bas,c nitrogen containing composition used in the preparation 45 
ot these compositions. 

The. molybdenum compounds used to prepare the sulfur containing molybdenum compounds of 
component (a) of this invention are acidic molybdenum compounds. By acidic is meant that the 
SO rSc,^ compounds will react with a basic nitrogen compound as measured by ASTM test 

u— &64 or 0—2896 titration procedure. Typically these molybdenum compounds are hexavalem and 50 
are represented by the following compositions: molybdic acid, ammonium molybdate, molybdenum 
salts such as MoOCI«. MoOjBr,. Mo^Cl* molybdenum irioxide or similar acidic molybdenum 
compounds. Preferred acidic molybdenum compounds are molybdic acid, ammonium molybdate. and 
molybdenum tr.oxide. Particularly preferred are molybdic acid and ammonium molybdate. 

n ,S basic nitrogen compound must have a basic nitrogen content as measured by ASTM D — 664 55 
or u 96 . h ls p re f erab | y oil-soluble. Typical of such compositions are succinimides. carboxylic acid 
amides. Manmch bases, phosphonamides. thlophosphonamides. phosphoramides. disoersant viscosity 
index improvers, and mixtures thereof. These basic nitrogen containing compounds Bre described below 
(keeping ,n mind the reservation that each must have at least one basic nitrogen). Any of the nitrogen 
ou containing compositions may be after treated with e.g.. boron, using procedures wll known in the art so 60 
long as the compositions continue to contain basic nitrogen. These after treatments are particularly 
applicable to succinimides and Mannich base compositions. 

The mono and Dolysuccinimides that can be used to prepare the lubricating oil additives described 
herein are disclosed in numerous references and are well known in the an. Certain fundamental types 
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of succinimides and the related materials encompassed by the term of art "succinimide" are taught in 
U.S. patents 3,219.666; 3.1 72,892; and 3272.746. the disclosures of which are hereby incorporated 
by reference. The term "Wccmimide'' is' understood in the arc to include many of the amide, imide. and 
amidine species which are also formed by this re action, the predominant product however is a 
5 succinimide and this term has been generally accepted as meaning the product of the reaction of an 5 
alkenyl substituted succinic acid or anhydride with a nitrogen containing compound. Preferred 
succinimides. because of their commercial availability, are those succinimides prepared from a 
hydrocarbyl succinic anhydride, wherein :t he hydrocarbyl group contains from about 24 to about 350 
carbon atoms, and an ethylene amine, said ethylene amines being especially characterized by ethylene 

10 diamine, diethylene triamine. triethylene. t'etraamin : e..and tetraethylenc pentamine. Particularly preferred 10 
are those succinimides prepared from polyisbbut any I succinic anhydride of 70 to 1 28 carbon atoms and 
tetraethylene pentaamine or triethylene tetraamine or mixtures thereof. 

Also included within the torm succinimide are the eo-oligomers of a hydrocarbyl succinic acid or 
anhydride and a poiysecondary amine containing at least one tertiary amino nitrogen In addition to two 

1 5 or more secondary amino groups. Ordinarily this composition has between 1 ,500 and 50.000 average 1 5 
molecular weight. A typical compound would be that prepared by reacting polyisobutenyi succinic 
anhydride and ethylene dipiperazine. 

Carboxylic amide compositions are also suitable starting materials for preparing the products of 
this invention. Typical of such compounds are those disclosed in U.S. patent 3.405,064. the disclosure 

20 of which is hereby incorporated by reference. These compositions are ordinarily prepared by reacting a 20 
carboxylic acid or anhydride or ester thereof, having at least 12 to about 350 aliphatic carbon atoms m 
the principal aliphatic chain and. if desired, having sufficient pendant aliphatic groups to render the 
molecule oil soluble with an amine or a hydrocarbyl polyamine, such as an ethylene amine, to give a 
mono or poiycarboxylic acid amide. Preferred are those amides prepared from f 1) a carboxylic acid of 

25 the formula R'COOH, where fl* is C„. w alXyl or a mixture of this acid with a polyisobutenyi carboxylic 25 
acid in which the polyisobutenyi group contains from 72 to 128 carbon atoms and {2) an ethylene 
amine, especially triethyiene tetraamine or tetraethylene pentaamine or mixtures thereof. 

Another class of compounds useful for supplying basic nitrogen are the Mannich base 
compositions. These compositions are prepared from a phenol or alkylphenol. an aldehyde, such 

30 as formaldehyde or formaldehyde precursor such as paraformaldehyde, and an amine compound. The 30 
amine may be a mono or polyamine and typical compositions are prepared from an alkyiamine. such as 
methylamine or an ethylene amine, such as, diethylene triamine, or tetraethylene pentaamine and the 
like. The phenolic material may be surfuriied and preferably is a C 80 . l00 alkylphenol, dodecylphenoi or a 
C^ rt alkylphenol. Typical Mannich bases which can be used In this invention are disclosed in U.S. 

35 Patent No. 4,1 57,309 and U.S. patents 3,649.229; 3,368.972; and 3,539,663, the disclosures of 35 
which are hereby incorporated by reference. The last application discloses Mannich bases prepared by 
reacting an alkylphenol having at least 50 carbon atoms, preferably 50 to 200 carbon atoms with 
formaldehyde and an aikylene polyamine HN(ANH) n H where A is a saturated divalent alky! hydrocarbon 
of 2 to 6 carbon atoms and n Is 1—10 and where the condensation product of said aikylene polyamine 

40 may be further reacted with urea or thiourea. The utility of these Mannich bases as starting materials for 40 
preparing lubricating oil additives can often be significantly improved by treating the Mannich base 
using conventional techniques to introduce boron into the composition. 

Another class of composition useful for preparing the additives of this invention are the 
Dhosphorarnides and phosphonamides such as those disclosed in U.S. patents 3.909,430 and 

45 3,968,1 57 the disclosures of which are hereby incorporated by reference. These compositions may be *o 
prepared by forming a phosphorus compound having at least one P — N bond. They can be prepared, for 
example, by reacting phosphorus oxychloride with a hydrocarbyl diol in the presence of a monoamine or 
by reacting phosphorus oxychloride with a difunctional secondary amine and a moncfuncttonal amine. 
Thiophosphoramides can be prepared by reacting an unsaturated hydrocarbon compound containing 

50 from 2 to 450 or more carbon atoms, such as polyethylene, polyisobutylena, polypropylene, "Men*. b0 
hexene. 1 .3-hexadiene. isobutylene. 4-methyM-pentena. and the like, with phosphorus pentasulfide 
and nitrogen containing compound as defined above, particularly an alkyiamine, alkyldiamine, 
alkylpotyamine. or an alkyleneamine, such as ethylene diamine, diethylene triamine. methylene 
tetraamine, tetraethylene pentaamine. and the like. 

55 Another class of nitrogen containing compositions useful in preparing the molybdenum 
compositions of this invention includes the so-called dispersant viscosity index improvers tVl 
improvers). These VI improvers are commonly prepared by functionalizing a hydrocarbon polymer. 
• especially a polymer derived from ethylene and/or propylene, optionally containing additional units 
derived from one or more comonomers such as alicyclic or aliphatic olefins or diolefins. The 

60 functionalization may be carried out by a variety of processes which introduce a reactive site or sites 
which usually has at least one oxygen atom on the polymer. The polymer is then contacted with a 
nitrogen containing source to introduce nitrogen containing functional groups on the polymer backbone. 
Commonly used nitrogen sources include any basic nitrogen compound especially those nitrogen 
containing compounds and compositions described herein, preferred nitrogen sources are aikylene 

65 amines, such as'ethyiene amines, alkyl amines, and Mannich bases. 
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Preferred basic nitrogen compounds for use in This invention are succtnimidcs. carboxylic acid 
amides, and Mannich bases. : 

The sulfur sources used 10 prepare the oil soluble sulfur containing molybdenum complexes of 
component (a) arc sulfur compounds which;are reactive with the intermediate molybdenum complex 
5 prepared from the acidic molybdenum'- com pound and the basic nitrogen compound and capable of 
incorporating sulfur into the final product*: : 

Representative sulfur sources used- to prepare the molybdenum complexes of component (a) are 
sulfur, hydrogen sulfide, phosphorus ipehte sulfide, aikyl and aryi sulfides and polysulfides of the formula 
R 2 S, where R is hydrocarbyl, preferably C,.^ a)Wyl ( and x is at least 2. inorganic sulfides and polysulfides 
1 o such as (NH,) 2 X V where x is at least 1 ; t^ioa'cetamide, thiourea, and mercaptans of The formula RSH 
where R is as defined above. Also useful 'as suifurizirig agents are traditional sulfur-containing 
antioxidants such as wax sulfides and polysulfides. sulfurized olefins, sulfurized carboxylic acid esters, 
sulfurized ester-olefins, sulfurized alkylphenols and the metal salts thereof, and the reaction product of 
an olefin and sulfurized alkylphenol. 
■ 1 5 The sulfurized carboxylic acid esters are prepared by reacting sulfur, surfur monochloride, and/or 
sulfur dichloride with an unsaturated ester under elevated temperatures. Typical esters include C x — C 20 
aikyl esters of C 3 — C 34 unsaturated acids, such as palmitoleic, oleic, ricinoleic. petroselinic. vaccenic. 
linoleic. linoleniC, oleostearlc. Ilcanic, paraaaric. tariric, gadoleic, arachidonic. cetoleic. fatty acids, as 
well as the other unsaturated acids such as acrylic, erotonic, etc. Particularly good results have been 
20 obtained with mixed unsaturated fatty acid esters, such as are obtained from animal fats and vegetable 
oils, such as tall oil. linseed oil, olive oil. caster oil, peanut oil, grape oil, fish oil. sperm oil, and so forth. 

Exemplary esters include lauryi tallate. methyl oleate, ethyl oleate. iauryi oleate. cetyl oleate. cetyi 
linoleate, lauryi ricmoieate. oleyl linoleate. lauryi aerylate. styryl acrylate, 2-ethylhexyl acrylate. olayl 
stearate. and aikyl glycerides. 
25 Cross-sulfurized ester olefins, such as a sulfurized mixture of C l0 — C„ olefins with fatty acids esters 
of C T0 — C„ fatty acids and C,— C„ aikyl or alkenyl alcohols, wherein the fatty acid and/or the alcohol is 
unsaturated may also be used. 

Sulfurized olefins are prepared by the reaction of the C 3 -~ C fl olefins or a low-molecular-weight 
polyolefin derived therefrom or C t — C u olefins with a sulfur-containing compound such as sulfur, sulfur 
30 monochloride. and/or sulfur dichloride. Particularly preferred 8re the sulfurized olefins described in U.S. 
patent No. 4,132.659 which is incorporated herein by reference. 

Particularly useful are the diparaffm wax sulfides and polysulfides, cracked wax-olefin sulfides and 
so forth. They can be prepared by treating the starting material, e.g.. olefinically unsaturated 
compounds, with sulfur, sulfur monochloride, and sulfur dichloride. Most particularly preferred^re the 
35 paraffin wax thiomers described in U.S. patent 2,346,1 56. 

Sulfurized Bikylphenols and the metal salts thereof include compositions such as sulfurized 
dodecylphenol and the calcium salts thereof. The aikyl group ordinarily contains from 9—300 carbon 
atoms. The metal salt may be preferably, a group I or group II salt, especially sodium, calcium, 
magnesium, or barium. 

40 The reaction product of e sulfurued alkylphanol and cracked wax olefin is described in U.S. patent 
4,228,022 which is incorporated herein by reference. The aikyl group present in the alkylphenol 
preferably contains from 8 to 35 carbon atoms and preferably the olefin contains from 1 0 to 30 carbon 
atoms. 

Preferred sulfur sources for preparing the molybdenum complexes of component (a) of the 
45 combination are sulfur; hydrogen sulfide, phosphorus pentasulfide. R 2 S M where R is hydrocarbyl. 
preferably C,_ T0 aikyl, and x is at least 3, mercaptans of the formula RSH wherein R is C,_, 0 aikyl, 
inorganic sulfides and Dolysulfides, thioacetamide. and thiourea. Most preferred sulfur sources are 
sulfur, hydrogen sulfide, phosphorus pentasulfide, and inorganic sulfides and polysulfides. 

The polar promoter which is preferably used to prepare the molybdenum complex of component 
50 lal of this invention is one which facilitates the interaction between the acidic molybdenum compound 
and the basic nitrogen compound. A wide variety of such promoters are well known to those skilled in 
the art. Typical promoters are 1 .3-propanediol. 1 .4-butanediol, diethyleneglycol, butyl cellosolve. 
propylene glycol, 1 .4-butylenegiycol, methyl carbitol. ethanolamine, diethanolamine. N-methyl-dt- 
ethariol-amine, dimethyl formamide. N-methyl acetamide. dimethyl acetamida. methanol, ethylene 
55 glycol, dimethyl sulfoxide, hexamethyl phosphoramide. tetrahydrofuran *nd water. Preferred are water 
and ethylene glycol. Particularly preferred is water 

While ordinarily the polar promoter is separately added to the reaction mixture, it may also be 
present, particularly in the case of water, as a component of non-anhydrous starting materials or as 
water of hydration in the acidic molybdenum compound, such as (NH,) 6 Mo 7 0 24 .4H 2 0. Water may also 
60 be added as ammonium hydroxide. 

A method for preparing the molybdenum complex of component (a) of this invention is toj prepare 
a solution of the acidic molybdenum precursor and a basic nitrogen-containing compound preferably in 
the presence of a polar promoter with or without diluent. The diluent is used, if necessary, to provide a 
suitable viscosity for easy stirring. Typical diluents are lubricating oil and liquid compounds containing 
65 only carbon and hydrogen. If desired, ammonium hydroxide may also be added to the reaction mixture 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



K.I. VHINUCKtf i L I 



H. 06/13 



GB 2 097 422 A 



to provide a solution of ammonium moiybdate. This reaction is carried our at a temperature from the 
melting point of the mixture to reflux temperature, it is ordinarily carried out at atmospheric pressure 
although higher or tower pressures may be "used if desired. This reaction mixture is treated with a sulfur 
source as defined above at a suitablepressure and temperature for the sulfur source to react with the 
5 acidic molybdenum and basic nitrogen compounds. In some cases, removal of water from the reaction 5 
mixture may be desirable prior to cpmpletiph^of reaction with the sulfur source. 

In the reaction mixture, the ratio of molybdenum compound to basic nitrogen compound is not 
critical: however, as the amount of molybdenum with respect to basic nitrogen increases, the filtration 
of the product becomes more difficult. Since.the ! molybdenum component probably oligomerbres. it is 
1 0 advantageous to add as much molybdenum^s can easily be maintained in the composition. Usually, the 1 0 
reaction mixture will have charged roit froni'i&Oi to 2;00 atoms of molybdenum per basic nitrogen 
atom. Preferably from 0.4 to 1 .0, and most preferably from 0.4 to 0.7. atoms of molybdenum per atom 
of basic nitrogen is added to the reaction mixture. 

The sulfur source is usually charged to the reaction mixture in such a ratio to provide 0.1 to 4.0 
1 S atoms of sulfur per atom of molybdenum. Preferably from 0.5 to 3.0 atoms of sulfur per atom of 1 5 

molybdenum is added. 3nd most preferably, 1 .0 to 2.6 atoms of sulfur per atom of molybdenum. 

The polar promoter, which is optionally and preferably used, is ordinarily present in the ratio of 0.1 
to SO mols of promoter per mol of molybdenum compound. Preferably from 0,5 to 25 and most 
preferably 1 .0 to 1 5 mols of the promoter is present per mol of molybdenum compound. 



20 Representative of the aromatic amines of component (b) which may be used in combination with 20 
the molybdenum complex of component (a) include aromatic amines which contain at least one aryl or 
arylene group directly attached to at least one nitrogen atom. 

Preferably the aromatic amines are N-sryl amines and N.N'-arylene diamines. The aryl and arylene 
groups preferably contain from 6 to about 1 4 carbon atoms which latter group includes arylene 

25 separated by elkylene. — O — . — CO—. — S— and — SO^— groups. Both the aryl and arylene groups 25 
may optionally be substituted by one or more alkyl, cycloalkyl, alkoxy. aryloxy, hydroxy, halogen or nitro 
radicals. Other atoms or groups which may be bonded to the nitrogen atom along with at least one of 
the aryl or arylene groups, include hydrogen, alkyl, aralkyl, which latter group may optionally be 
substituted with one or more hydroxy, elkyl or alkoxy radicals or combinations thereof. 
30 Included within the ecope of the N-aryl amines are the amines of the formula 30 

R l _IM_R 3 

I . I 

and R a are the same or different and each is H, alkyl of 1 to 1 8 carbon atoms, aryl of 6 to 1 4 
. carbon atoms, alkaryf of 7 to 34 carbon atoms or aralkyl of 7 to 1 2 carbon atoms: R 3 is aryl of 6* to 14 
carbon atoms, and alkaryi of 7 to 34 carbon atoms. Each of the aryl and substituted aryl groups 
35 mentioned in the definition of R„ R, and R 3 may optionally contain one or more alkyl. cycloalkyl, alkoxy, 35 
. aryloxy, hydroxy, halogen, nitro acyt or acylamlno radicals, and combinations thereof. 

The preferred N-aryt amines which fall within the scope of the compounds of the formula I are 
naphthyl amines having the following structure: 




40 wherein R' is selected from the group consisting of hydrogen, aryl of 6 to 1 4 carbon atoms, and alkaryl 40 
of 7 to 34 carbon atoms. D is alkyl of 1 to 24 carbon atoms and a is 0 to 1 , and dipheny! amines having 
the following structure: — 



wherein R" and R"' are alkyl of l to 28 carbon atoms, and m and n are 0 or 1 . 
45 Included within the scope of N.N'-arylene amines are the amines of the formula 45 



N — R, 
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R s< R fl and R ? are indeoendently^elected from the group consisting of hydrogen, alky! having 1 
to 12 carbon atoms, and ary'l. aralkyj oralkaryl each having from 6 to about 22 carton atoms, B is 
selected from the group consisting 6f:'aj^1ene 'containing 6 to 14 cafbbn atoms and a group of the 
formula V '■ ^ * : :>V 





o 



wherein X is a covalent bond, alkylene containing -1 to 8 carbon atoms. — 0 — , —CO — . S . or 

— SO a — . Substituents which may be present on tne ^jvalent group B include one or more alkyl! alkoxy 
or halogen radicals and combinations thereof. Preferably. B is ohanylene diphenylene, or a group of the' 
formula 



10 




10 



wherein X is a branched or straight chain alkylene of 1 to 8 carbon atoms. — 0 — . — S — , or — S0 4 . 

Illustrative of suitable specific amines are N-phenyl-alpha-naphthyl amine; N-phenyl-beta- 
naphthyl amine: N-octyl-beta-naphthyl amine; diphenylamine; di-alphe-nephthyl amine, di-beta- 
naphthyl amine; N.N'-diphenyl-p-phenylene diamine: N-p-octyl-phenyl phenyl amine; di-p-octyl 
1 5 diphenyl amine, N.N'-diheptyhp-phenylene diamine, octylphenyl alpha- orbeta-naphthyl-amine, alpha- 1 5 
alpha, alphe-beta or beta-beta dinaphthyl^amines. xylyl naphthyl-amines. dodecyl phenyl 
naphthylamines, biphenyl naphthylamines and phenyl naphthylamines alkylated with olefins containing 
from about 8 to about 24 carbon atoms per molecule. (Specific examples of these olefins include 
pinene, alpha-methylstyrene. and the like). 4-tartiary pentyf-drphenylamine. N-p-tertiary pentyl-phenyl- 
20 alpha-naphthyl-amine, N-p-tertiary pentyi-phanyWjeta-naphthylamine, 4-p-(1 'M':3':3'- 20 
tatramethylbutylHinaphthylamine. N*p-(1 :1 ^:3>tetramethylbutyl)-alpha-naphthyiamine f N-p- 
(1 :1 :3^-tetramethylbutyl)-phenyl-beu-naphthylamine, 4-r>(1'1':3' J'lS'iS'-hexamethylhexyl)- 
dipbenylamine, N-p-(1 :1 :3;3:5:5-hexamethylhexyl)-phenyl-alpha-naphthylamine, N-p-{1 :1 :3:3:5:5:- 
hexsmethylhexyDbata-naphthylamine, alpha or beta naphthylamina, diphenyl amine, phenyl tolyl amine. 
25 ditolyl amine, dioctyldiphenyi amine, dl-alpha- or beta-naphthylamine. N-phenyl butyl amine, N-phenyl .25 
octyl amine, difbiphenyllamine, diltert-butyiphenyl lamina, (sec-amylphenyl)phenylamina, 
(methylphenyl)naphthylamine, bis-(N-sec-butyI-p-aminophenyO methane, N-isopropyl-N'-phenyl-p- 
phertylene diamine/ NH^clohexyl-N'-phenyl-p-phenylene diamine, 2^-bis(p-N.N-dimethylaminophenyl) 
propane, N-p-t-octylphenyl-alpha-naphthylamine, N-{p-alpha-cumyl-phenyl)-6-aJphacumyi-beta- 
30 naphthylamine. N-p-t-octylphenyl-beia-naphthylamihe and the corresponding^ p-t-dodecylphenyl, p-t- 30 
butylphenyl, and p-dodecylphenyl-alpha and -beta-naphthyiamines. dlisobomyl diphenylamine. 
triphenylamsne. p.p'-dioctyldiphenyiamine. didecyldiphenyJamine, didodecyidiphenylamine. 
dihexyldiphenylamine, p,p'dM-octyldiphenyla mines. N.N'-diisopropyi diaminodiphenyl merhane, N.N'- 
dl-sec-butyl-diaminodiphenyl methane. N.N'-di-aec-amyl-diaminodiphenyl methane. N,N'-di-sec-hexyl- 
35 diaminodiphenyl methane. N.N'-di-sac-heptyldiaminodiphenyl methane, N,N'-di-sec-octyi- 3S 
diaminodiphenyl methane. N.N f -di-sec-nonyl-diaminodiphenyl methane. N.N'-di-sec-decyf- 
diaminodiphenyl methane, N.N'-di-sec-undecyldiaminodJphenyl methane, N.N'-di-sec-dodecyl- 
diaminodiphenyl methane. N.N'Kli-sec-tridecyt-diaminodiphenyl methane, N,N'-<ii-sec- 
tetradecyldiaminodiphenyl methane, N.N r -dii$opropyl-diaminodiphenyl ether. N.N'-di-sec- 
40 ' butyl-diaminodiphenyl ether. N.N'-dhsec-amyl-diaminodiphenyl ether. N.N'-di-sec-hexyl- 40 
diaminodiphenyl ether, N,N'-di-5ec-heptyl-dIaminodIphenyl ether, N.N'-di-sec-octyl-di-aminodiphenyl 
ether, N,N'-di-sec-nonyl-diaminodiphenyl ather, N,N'-di-sec-decyl-diaminodiphenyl ether. N.N'-di-sec- 
undecyl-diaminodiphenyl ether. N.N'-di-sec*dodecyldiaminodiphenyI ether, N,N'-di-sec-trldeeyl- 
dlaminodiphenyl ether, N.N'*di-sec-tetradecyl-diaminodiphenyl ether, N.N'-diisopropyl-diaminodiphenyl 
45 sulfide. N.N'-di-sec-butyl-diaminodiphenyl sulfide, N,N'^di-5ec-amyl*di-aminodiphenyl sulfide, N ( N'-di- 45 
sec-hexyl-diaminodiphenyl sulfide. N.N'-di-sec-heDtyf-diaminodiphenyl sulfide. N.N' -di-sec- 
octyldiaminodiphenyl sulfide. N.N'-di-sec-nonyl-diaminoclphenyl sulfide. N.N'-di-sec-undecyl- 
diaminodiphenyl sulfide, N.N'^i-sec^c^ecyl-diaminodiphenyl sulfide. N.N'-di-sec-tridecyl-diamino« 
diphenyl sulfide, N»N'-di-sec-tetradecyldiaminodiphenyl sulfide. 
50 The lubricating oil compositions containing the additives of this invention can be prepared by 50 
admixing, by conventional techniques, the appropriate amount of the sulfur containing molybdenum 
complex of component (a) and the aromatic compound of component (b) with a lubricating oil. The 
selection of the particular base oil depends on the contemplated application of the lubricant and the 
presence of other additives. Generally, the amount of the combined additives of components (a) and ib) 
55 will vary from 0.05 to 1 5% by weight and preferably from 0.2 to 1 0% by weight. 55 
The lubricating oil which may be used in this invention includes a wide variety of hydrocarbon oils, 
such as naphthenic bases, paraffin bases and mixed base oils as well as synthetic oils such as esters and 
tha like. The lubricating oils may be used individually or in combination and generally have a viscosity 
which ranges from 50 to 5,000 SUS and usually from 100 to 15.000 SUS at 38°C. 
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In many instances it may be advantageous ro form concentrates of the combination of additives 
within a carrier liquid. These concentrates. provide a convenient method of handling and transporting the 
additives before their subseauent dilution 3ndVuse. : The concentration of the additive combination within 
the concentrate may vary from 1 5 to 90% by weight although it is preferred to maintain a concentration 
5 between 1 5 and 5096 by weight. The finol'^application of the lubricating oil compositions of this - 5 
invention may be in marine cylinder lubricants as in crosshead diesel engines, crankcase lubricants as in 
automobiles and railroads, lubricants for heavy machinery such as steel mills and the like, or as greases 
for bearings and the like. Whether the lubricant is fluid or a solid will ordinarily depend on whether a 
thickening agent is present. Typical thickening- agents include polyurea acetates, lithium stearaie and 
10 the like. . { 10 

If desired, other additives may be included in the lubricating oil compositions of this invention. 
These additives include antioxidants or oxidation inhibitors, dispersants, rust inhibitors, anitcorrosion 
agents and so forth. Also entifoam agents stabilizers, antistaln agents, tackiness agents, antichatter 
agents, dropping point improvers, antisquawk agents, extreme pressure agents, odor control agents and 
1 5 the like may be included. 1 5 

The following examples are presented to illustrate the operation of the invention and are not 
intended to be a limitation upon the scope of the claims. 

EXAMPLES 

EXAMPLE 1 

20 To a 1 -liter flask were added 290 grams of a solution of 45% concentration in oil of the 20 
succinimide prepared from polyispbutenyl succinic anhydride and tetraethylena pentaamine end having 
a number average molecular weight for the poiyisobutenyf group of about 980. and 1 50 ml 
hydrocarbon thinner. The mixture was heated to 65°C and 28.8 grams molybdenum trioxide, and 50 ml 
water were added. The temperature was maintained at 65°C for 1/2 hour and increased to 1 50°C over 

25 a period of 55 minutes. To the mixture was added 7 grams elemental sulfur and 1 00 ml of hydrocarbon 25 
thinner. The reaction mixture was maintained at reflux at approximately 1 55°C for 45 minutes and then 
the temperature was increased to 1 65° to 1 70°C and held there for two hours. To the mixture was 
added 50 ml of hydrocarbon thinner and the reaction mixture was filtered hot through diatomaceous 
earth. The filtrate was stripped to 1 60° C at 20 mm Hg to yield 3 1 6.5 grams of product containing 

30 6.3596 molybdenum, 3-57% oxygen, 1.86% nitrogen, 2.1 5% sulfur. 30 

- EXAMPLE 2 

To a 3-liter flask were added 1 1 60 grams of a polyamide prepared from a C lA carboxvlic acid and 
tetraethyianepentaamine and containing 6.29% nitrogen and 800 ml hydrocarbon thinner. The mixture 
was heated to 65°C and 200 ml of water and 1 1 6 grams Mo0 3 was added. The temperature was raised 

35 to reflux, approximately 95°C f and held at this temperature for 4 hours until the solution became clear 35 
green. The solvent was removed to 1 50° C maximum and the mixture was then cooled to 1 40°C and 28 
grams sulfur was added. The temperature was raised to 1 55°C over a period of 1/4 hour and held at 
this temperature for 1/2 hour. The temperature was again increased to 1 75 °C over a period of 20 
minutes and then held at between 175° and 1 80°C for 2 hours. The mixture was cooled and left 

40 overnight and then 200 ml hydrocarbon solvent was added. The mixture was heated to 1 30 tt C, filtered 40 
through diatomaceous eanh and then stripped to 1 80*C bottoms at 20 mm Hg to yield 1 282 grams of 
product containing 5.45% nitrogen. 2.1 5% sulfur, 5.51% molybdenum, and 573% oxygen, 



EXAMPLE 3 

To a 1 -liter flask were added 290 grams of a Mannich base prepared from dodecylphenol. 

45 methylamine and formaldehyde and having an alkalinity value of 1 00 and containing 2.7% nitrogen, and 45 
200 ml of a hydrocarbon thinner. The mixture was heated to 65°C and 50 ml water and 29 grams of 
molybdenum trioxide were added. The mixture was stirred at reflux, 1 04° to 1 10°C, for 4-1/2 hours. 
The solution became a clear dark brown color and then was stripped to 1 75°C bottoms. The mixture 
was cooled to 140°C and 7 grams sulfur was added. The temperature was increased to 155°C over a 

50 period of 7 minutes and held at this temperature for 1/2 hour, the temperature was then increased to 50 
180 D C over a period of 1 0 minutes and held for 2 hours. The mixture W8s then cooled and left 
overnight. The next day 1 00 ml of hydrocarbon solvent was added. The mixture was heated to 1 00*C 
and filtered through diatomaceous eanh and then stripped to 1 80°C at 20 mm Hg to yield 31 7 grams 
of product. 



55 EXAMPLE 4 55 
To a 1 -liter flask containing 300g of a borated Mannich base prepared from a C^^q alkylphenol, 
formaldehyde and tetraethylene pentaamine or methylene tetraamine, or mixtures therof and containing 
urea (Amoco 9250) and 200 ml hydrocarbon thinner at 65°C were added 40 ml water and 25g MoO a - 
The mixture was stirred at reflux for 4.5 hours and then stripped to 1 65°C. After cooling to 140°C, 7g 

60 sulfur was added and the temperature was gradually increased to 1 85 °C where it was held for 2 hours. 60 
Then, 75 ml hydrocarbon thinner was added and the mixture was filtered through diatomaceous earth 
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and then stripped to ) 80°C at 20 mm Hg to. yield 307g product containing N, 1 .04%; S. 2.53%: Mo. 
4.68% Neutron Activation (N.A.). 4.99%:X-Ray Fluorescence Spectroscopy (XRF); 0. 2.53%; B. 0.22%. 

EXAMPLE 5 

To a 3-liter flask were added 500 g of a; concentrate of polyisobutenyl succinic anhydride wherein 
5 the poiyisobutenyt group had a number/average molecular weight of about 980 and 36g dimethyl 5 
aninopropylamine. The temperature of the:;reaction mixture was increased to 1 50°C. held there for 1 
hour and then stripped to 1 70°C at 20 mrn Hg. To this mixture were added 350 mi hydrocarbon 
thinner. 50 ml water, and 29g MoQ 3 . This.mixture was stirred at reflux for 2 hours and than stripped to 
140°C to remove water. Then 7g of sulfurwas added and the mixture was held at 1 80 — 1 85°C for 2 
1 0 hours. After cooling, additional hydrocarbon thinner was added and the mixture was filtered through 1 0 
diatomaceous earth, and then stripped to 1 80°C at 20 mm Hg to yield 336g product containing N, 
1.17%; S. 1 .55%; Mo. 3.37% (N.A.), 3.3 1 % (XRF); 0. 2.53%. 

EXAMPLE 6 

To a 1 -liter flask containing 290g of the succinimide described in Example 1 and 200 ml of 
1 5 hydrocarbon thinner at 65 d C were added 50 ml water and 29 g Mo0 3 . The mixture was stirred at reflux 15 
for 1 .5 hours and then stripped to 1 65°C to remove water. After cooling to 1 00°C, 40g butyldisulfide 
was added und the mixture was heated to 1 80° — 1 85°C for 2.5 hours. Then an additional 1 00 ml 
hydrocarbon thinner was added before filtering through diatomaceous earth and stripping to 1 80°C at 
20 mm Hg to yield 305g of product containing N, 1.90%; S, 0.47%; Mo. 8.21% (N.AJ. 6.34% (XRF); 0. 
20 4.19 (NA). 20 



EXAMPLE 7 

To a 1 -liter fiask containing 290g of the succinimide described in Example 1 and 200 ml 
hydrocarbon thinner at 75°C were added 50 ml water and 29g MoO v The mixture was refiuxed for 1.5 
hours and then stripped to 200°C to remove water. After cooling to 1 00°C. 1 9g thioacetamide was 
25 added and the mixture was gradually heated to 200°C where it was held for 0.75 hour. Then. 1 50 ml 25 
hydrocarbon thinner was added and the mixture was filtered through diatomaceous earth and stripped 
to 1 80°C at 20 mm Hg, to yield a product containing N, 1 .46%;'S, 2.05%; Mo. 4.57%.(N.A.), 4.70% 
{XRF); 0. 2.38%. Before testing, this product was diluted with 1 0Og neutral lubricating oil. 

EXAMPLE 8 ' _ 

30 To a 1 -liter flask containing 290g of a solution of 45% concentrate in oil of the succinimide 30 
prepared from polyisobutenyl succinic anhydride anri tetraathylene pentaamine and having a number 
average molecular weight for the polyisobutenyl group of about 980 and 200 ml hydrocarbon thinner at 
75°C was added 50 ml water and 29g MoO r The mixture were stirred at reflux for 1 .5 hours and then 
heated to 1 87°C to remove water. Then 100 ml hydrocarbon thinner was added and, at 75*C, 34g of 
35 aqueous ammonium poiysurfide (31% free sulfur). This mixture was slowly heated to 1 80°C and held 35 
there for 2.25 hours. It was then filtered through diatomaceous earth and stripped to 1 80°C at 20 
mmHg to yield 31 8g of product containing N, 1.89%; S, 4.07%; Mo. 6.1 6% (N.A.). 

EXAMPLE 9 

To a 1 -liter flask containing 290g of the succinimide described in Example 1 and 200 ml 
40 hydrocarbon thinner at 75°C were added 50 ml water and 29g MoO,. The mixture was stirred at *0 
96 — 98°C for 2-1/2 hours and then stripped at 1 9 1 °C. After cooling to 75°C, 43 mi 1 -butanethiol 
was added and the mixture was refiuxed for 1 4 hours. The mixture was then stripped to 1 80°C at 20 
mm Hg to yield 3 1 8g product containing Mo, 6.1 7% (XRF); N, 1 .97%; S, 1 .05%. 

EXAMPLE 10 

45 A. The oxidation stability of lubricating oil compositions containing the additive combination 45 
prepared according to this invention were tested in an Oxidator B Test. According to this test, the 
stability of the oil is measured by the time in hours required for the consumption of 1 liter of oxygen by 
1 00 grams of the test oil at 340°F. In actual test 25 grams of oil is used and the results are corrected to 
100-gram samples. The catalyst which is used at a rata of 1.38 cc per 1 00 cc oil contains a mixture of 

50 soluble salts providing 95 ppm copper. 80 ppm iron. 4.8 ppm manganese. 1 100 ppm lead and 49 ppm 50 
tin. The results of this test are reported as hours to consumption of 1 liter of oxygen and Is a measure of 
the oxidative stability of the oil. 

The base Formulation tested in Table 1 contained in a neutral lubricating oil, 1 .5% of a 50% 
concentrate of a polyisobutenyl succinimide, 8 m moles/kg dialkyl zinc dithiophosphate from sec- 

55 butanol and methylisobutylcarbinol. 30 m moles/kg overbased magnesium sulfonate. 20 m moles/kg 55 
overbased sulfurized calcium alkyl phenate and 5.5% polymethacrylate V.I. improver. 
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TABLE 1 

Oxidator B Test 

Time in Hours for Consumption of One Liter, 
of Oxygen per 1 00 grams 01! 

Composition Hours 

Base formulation 5.9 

6 m moles/kg Molybdenum Complex of 

Example 1 10.5 

0.5% diisobomyldiphenylamine 5.7 

6 m moles/kg Molybdenum Complex of 
Example 1 + 0.5% diteobomyldi- 

phenyf amine , 1 5,1 

0.5% p,p'-diocTyldlphenylamine 7.1 

p 

j 6 m moles/kg Molybdenum Complex of 
•S Example 1 +- 0.5% p.p'-dloctyldi- 

| phenylarnine ' 20.5 

In a similar manner, when the molybdenum complexes of Examples 2 through 9 are substituted 
for the molybdenum complex of Example 1 in the above test the oxidation stability of the oil 
formulations containing the combinations of this invention are enhanced as compared to the oil 
'formulations not containing the additive combination. 

B. The compositions of Table 2 were tested by a variation of the "Oxidator B" test. In this test, the 
catalyst consists of 95 ppm of oil soluble copper and 80 ppm of oil soluble iron. The rate of oxygen 
uptake is plotted as ordinate with time as the abstissor. The 1 st sharp break in this plot is taken as the 
Induction period and is reported as such. 
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TABLE 2 
Oxidation Stabilisation 



Phenyl-alpha- 



Run 
No. 


naphthyi-amine 
•Cone, mm/kg 


Molybdenum Complex 1 " 
mm/kg 


Induction 
Time Hrs." 1 


1 


0 


10 


0.60 


2 


0.114 


0 


0.35 


3 


0.228 


6 


0.60 


4 


0.456 


0 


1.30 


5 


2.28 


o- 


3.56 


6 


2.28 


0.40 


35.65 


7 


2.28 


0.50 


34.00 


8 


2.28 


0.75 


33.90 




0.228 


; 1.0 




To' 


2.28 


1.0 


48.60 


n 


0.144 


2.0 


2.70 


12 


" 0J228 


2.0 


5.00 


13 


0.456 


2.0 


10.70 


14 


2.28 


2.0 


51.60 


15 


lO.O 1 * 


1.0 


0,65 



10 



15 



20 



The molybdenum complex prepared according to 

(1 ) Example 1 contained 5.8% molybdenum and 4.5% sulfur. 

(2) Time in hours to the inflection point in a plot of Oxygen uptake vs. time 

(3) Octadecylamine. 

EXAMPLE 11 

Formulated oil containing the additives shown in Table 2 were prepared and tested in a Sequence 
HID test method (according to ASTM Special Technical Publication 31 5H>. The Formulations were 
prepared by adding each of the components directly to the oil with stirring. 

The purpose of the test is to determine the effect of the additives on the oxidation rate of the oil in 
an Internal combustion engine at relatively high temperatures (about 149°C bulk oil temperature during 
testing). 

In this test, an Oldsmobile 350 CID engine was run under the following conditions: 
Runs at 3,000 RPM/max. run time for 64 hours and 1 00 lb load: 
Air/fuel* ratio = 1 6.5/1. using * GMR Reference fuel (leaded); 
Timing « 3 1 ° BTDC; 
Oil temperature « 300° F; 
Coolant temperature in « 235°F — out245°F; 
30" of water of back pressure on exhaust; 
Row rate of jacket coolant = 60 gal/min.; 
Flow rate of rocker cover co lant = 3 gal/min.; 
Humidity must be kept at 80 grains of H 2 0; 
Air temperature controlled equal Inlet equal 80°F; 

Blowby Breather Heat exchanger at 1 00°F. 20 
The effectiveness of the additive is measured after 64 hours in terms of the viscosity increase. 
The c m pari sons were made in a formulated base neutral oil containing 30 m moles/kg of a 

calcium sulfonate, 8 m moles/kg dialkyl zinc dithiophosphate 20 m moles/kg of a calcium phenate and 

5.5% of a poly me tli a cry late V.I. improver- 
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TABLE 3 



Formulation 



Base formulation 



3 m moles/kg Molybdenum Complex 
of Example 1 

3 m moles/kg Molybdenum Complex 
of Example 1 + 0. 596 p .p'-di- 
octyldiphenylamine 

0.5% p,p'-dioctyldiphenylamine 



% VIscosiry 
After 40 Hr 

it i —i — ■ ■ 

Too viscous 
to measure 



120 



35 



Increase 
After 64 Hr 

Too viscous 
to measure 



2914 



92 

Too viscous 
to measure 



CLAIMS . . " 

1 An additive for a lubricating oil. the additive comprising in association 

(a) an oil soluble sulfur-containing molybdenum complex prepared by (1 ) reacting an acidic 

5 molybdenum compound and a basic nitrogen-containing substance which is a succlnlmide. carboxylic 
acid amide. Mannich base, phosDhonamide, thiophosphonemide, phosphoramide or dispersant 
viscosity index improver, or a mixture of two or more thereof to form a molybdenum complex wherein 
from 0.01 to 2 atoms of molybdenum are present per basic nitrogen atom, and (2) reacting said 
complex with a sulfur source in an amount sufficient to provide from 0.1 to 4 atoms of sulfur per atom 
10 of molybdenum, and . 

(b) an oil soluble aromatic amine compound or a mixture thereof, the aromatic amine compound 
(b) being present in an amount of from 0.02 to 1 0 parts by weight per part by weight of the sulfur 
containing molybdenum complex (a). * 

2. An additive as claimed in Claim 1, wherein the aromatic amine (b) is an N-aryl amine or an n,n 

15 arylene diamine. . L . . . 

3. An additive as claimed in Claim 2, wherein the N-eryl-amme has the general formula: 



10 



15 



20 



wherein R t and R 2 are the same or different and each is hydrogen, alkyl of 1 to 18 carbon atoms, aryi of 
6 to 1 4 carbon atoms, alkaryl of 7 to 34 carbon atoms or araJkyl of 7 to 1 2 carbon atoms: and R^ is aryl 
of 6 to 1 4 carbon atoms or alkaryl of 7 to 34 carbon atoms. 

4, An additive as claimed in Claim 2, wherein the N,N'-arylene diamine has the general formula: 



20 



N-B-N 



wherein R 4 . R 5 . R 0 and R, are the same or different and each is hydrogen, alkyl of 1 to 1 2 carbon atoms, 
aryl, aralkyl, or alkaryl having from 6 to 22 carbon atoms, and B is arylene containing 6 to 14 carbon 



25 atoms or a group of the general formula: 




o 




o 



25 



wherein X represents a covalent bond, alkylene containing 1 to 8 carbon atoms, — 0 — . — CO — . 
— S — . or — S0 2 — . 

5. An additive as claimed in Claim 2. wherein the N-arylamine is N-phenyl-alpha-naphthylamine, 
30 p.p'-dioctyldiphenylamine ordiisobomyldiphenyiamine. 

6. An additive as claimed in Claim 1 , 2, 3, 4 or 6, wherein the sulfur source used to prepare the 
molybdenum complex (a) is sulfur, hydrogen sulfide, phosphorus pemasulfide. RjS, where fl is 
hydrocarbyJ and x is at least 2, an inorganic sulfide or inorganic polysuifide, thioacotamide. thiourea, a 
rnercaptan of the formula RSH where R is hydrocarbyl, or a sulfur-c ntaining anit-oxidant. 



30 
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7 An additive as claimed in Claim 6. wherein the sulfur source is R a S, where R is C,^, alkyl and x 
is ot least 3. RSH where R is C w0 aJxyl. or (NH^S, where x is at least 1. 

8 An additive as claimed in any preceding claim, wherein the acid.c molybdenum compound is 
molvbdlc acid, molybdenum tri-oxide, or ammonium molybdate- 

addUive a, claimed in anypreceding claim, wherein said basic n.trogen-contaimng s 
substance is a succinimide.carboxyUc add amide, or Mannich base. ■ 

1 0 An additive as claimed in Claim 9. wherein said basic mtrogen-conta.ning substance .s a 
C, „ hydrocarbyl succinimide. a carboxylic acid amide, or a Mannich base prepared from a c»_ 10e 

,, ^,Tia^?-?n i S5:' 10. wherein said basic nitrogen.ontaining substance is a 10 
polyisobutenvl succinimide prepaid from polyisobutenyl succinic anhydnde and tetr,ethylene 

carboxylic acid amide prepared from one or more carboxylic ac.ds of the formula R COOH or i 
aSL thereof which upon reaction with an amine yields a carboxylic acid am.de. wherein R .s 
C - alkvlorC. „_ alkenyl, and a hydrocarbyl polyarrone. • 

IS I An additive Tas claimed in Claim 1 2. wherein R 1 is C tl _ n alk* or C u _„ alkenyl and the 
hvdrocarbyl polyamine is Methylene tetraamine or tetraethylene pentamtna. ..„„„^ K w„„ 

14 An additive as claimed in Claim 9, wherein said basic nitrogen compound ,s a Mann.ch base 

20 oranarad from dodecylphenol. formaldehyde and mamylamine. ,.. 

20 prepared c|aimed jn c , Bjm lQ whereln said ba3ic nitrogen compound is a Mannich base 

prepared from C„. t00 alkylphenol. formaldehyde, and Methylene tetraam.ne or tetraethylene 

^iZ£ES!XZ& «» Clai - 1 • substantia,,y 35 described in 

25 fb^ Ejmjpl.JIO 5/ c 1 o - mpos . t . on gn 0|| of lubric3tin9 vi^osity and an additive as 

6 ^T::Zl^ZtU^l Claim 1 7. wherein the additive is present in an amount of from 

30 °'° 5 V. IffiSft '■^w* composition comprising an oil of lubricating viscosity and from 30 
1 S to 90 oercent bv weight of an additive as claimed in any one of Claims i to i o. 

20. A Sricating o§ composition in accordance with Claim 17. substantraliy as described .n the 

foregoing Example 1 0 or 1 1 . 

p,^ n#r M,^, s,.,^ omo. w,-5^:^^r^^ 9 ^ " ttW ofac " " 

25 SoutMmpton Buikfoiy*. London, WC2A 1AY. from «rtwen eooao °* ™ 
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